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1.  ABSTRACT. 


The  specific  gravity,  viscosity,  sensitiveness,  caloriaietric  value,  and 
refractive  index  of  nitroglycerine,  triacetin,  and  mixtures  of  these,  with 
and  without  carbamite,  have  been  determined.  Details  of  methods  and  results 
are  recorded. 


2,  INTRODUCTION. 

The  sensitiveness  and  other  physical  properties  of  nitroglycerine, 
desensitised  with  varying  amounts  of  plasticiser,  is  of  interest  in  a  number 
of  processes.  The  amount  of  published  information  is  moagre.  It  was 
decided  to  carry  out  determinations  of  specific  gravity,  viscosity,  sensitive¬ 
ness,  calorimetric  value  and  refraetive  index  on  such  mixtures.  In  order 
to  limit  the  work,  the  only  desensitiser  used  was  triacetin.  Mixtures  wore 
tested  with  and  mthout  1  per  cent  carbamite,  which  for  some  app;j.ieations  is 
required  as  a  stabiliser. 


3.  SPECIFIC  GRAVITY. 


3.1,  Method  Employed, 

Accurate  specific  gravities  of  series  of  liquid  phase  mixtures  have  been 
obtained  by  means  of  a  simple  pyknometer  constructed  as  shown  in  Pig,  1, 

The  liquid  was  introduced  through  the  side  arm  A  by  appl3d.ng  suction  to  the 
side  arm  B,  After  being  brought  to  the  required  te35)oraturo  in  a  thermostat 
bath,  the  distances  between  the  menisci  and  the  graduation  marks  M  were 
measured  using  a  cathetomoter.  The  weight  of  liquid  used  v/as  determined. 

The  instrxznent  was  calibrated  along  the  side  arms  by  using  various  weights  of 
freshly-distilled  water.  The  nitroglycerine  and  triacetin  used  were  dried 
by  evacuation  at  0,5  of  mereviry  until  degassing  was  eomploto, 

3.2,  Rosiilts, 

3,2,1,  Triacetin, 

A  nudDcr  of  sai^jlos  of  triacetin  have  been  analysed  but  only  the  two 
sanples  supplied  by  Messrs  A.  Boake,  Roberts  have  been  investigated,  since 
these  complied  with  the  British  Standard  Specification  2D11  for  Aircraft 
Material,  The  results  of  analysis  are  given  in  the  Appendix. 
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The  speeifie  gravities  at  25°C, ,  after  vacuum-drying,  of  the  two  samples 
obtained  from  Messrs  A»  Boake,  Roberts  are  given  below; - 


San?)lo 

Date  Received 

Spooifio  gravity  25°/25° 

A 

Pobrmry,  1947 

1.1601 

B 

Maroh,  1949 

1.1378 

3. 2, 2,  N i tr oglye er inc» 

The  specific  gravities  of  nitroglycerine,  determined  at  various 
tcmperatTorcs,  arc  given  in  Tabic  1,  together  with  valiocs  already  quoted  in 
the  literature  (l,  2,  3). 

The  nitroglyeerinc  used  in  the  tests  now  reported  was  extraeted  from 
dynamite,  filtered,  and  dried  by  prolonged  cvaciiation  at  0,5  urn,  of  mcroury* 
The  sample  of  nitroglyoerine  usod  by  T7.H.  Perkin  (l)  had  been  prepared  on  a 
laboratory  sealc  and  dried  in  eontact  with  a.nhydrous  potassium  oarbonatc  and 
phosphorie  anhydride,  Tho  deter'iinations  by  C,G,  Jaekson  (3)  had  been 
carried  out  on  undriod  nitroglyoorino. 


T/iBLE  1 

Speoifio  Gravities  of  Nitroglyoorino 


OriginaL 

Tc-iooraturc  °C. 

o/o 

4/4 

10/10 

15/15 

20/20 

25/25 

30/30 

Current  determinations 
(apparent) 

1.596 

1.591 

1.588 

Y/,!!,  Perkin 

1,6066 

1.6009 

1.5958 

1.5910 

Landolt-Bornste in 

1.5978 

G,G,  Jackson 
(apparent) 

1.618 

1.6000 

(eorrccted  for  buoyancy) 

1,6173 

1.5979 

/3.2,3. 
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3.2,3.  Nitroplyoerine,  Triaoetin  and  Cairbamite  Mixtures. 

Three  series  of  mixtirres  v^'ero  made  up  using  triaoetin,  saanplc  B.  The 
first  scries  contained  no  earbanite  and  ffo:n  0  to  100  per  cent,  of  nitro¬ 
glycerine;  the  second  series  1  per  cent,  of  earbamte  and  frooi  0  to  99  per 
cent,  of  nitroglycerine;  and  the  third  series  2  per  cent,  of  carbanitc  and 
0  to  98  per  cent  of  nitroglycerine. 

The  specific  gravities  of  those  vrore  dcterriiinod  at  25°C,  and  are  given 
in  Table  2,  In  Fig,  2  the  percentage  of  nitroglycerine  contained  in  these 
nixtinres  is  plotted  against  specific  gravity. 


TiiBIiS  2 


Poroentage  nitro¬ 
glycerine. 

100 

80.00 

60.33 

39.83 

20.18 

0 

Percentage  triaoetin 

- 

20.00 

39.67 

60.17 

79.82 

100 

Specific  gravity 
at  25°C. 

1.591 

1.474 

1.379 

1.293 

1.223 

1.158 

Percentage  nitro¬ 
glycerine 

99.00 

79.20 

59.73 

39.43 

19.28 

0 

Pereento.ge  triaeotin 

- 

19.80 

39.27 

59.57 

79.02 

99 

Pereentago  carbaaite 

1.00 

1.00 

1.  00 

1.00 

1.00 

1.00 

Specific  gravity 
at  25°C. 

1.580 

1.469 

1.375 

1.291 

1.221 

1.156 

Percentage  nitro¬ 
glycerine 

98.00 

78.39 

59.12 

39.02 

19.77 

0 

Percentage  triaoetin 

- 

19.61 

38.88 

58.98 

78.23 

98.00 

Percentage  earbauitc 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

Specific  gravity 
at  25°C. 

1.573 

1.462 

1.370 

1.238 

1.219 

1.156 

The  specific  gravities  of  fixtures  containing  triaoetin  sample  v/erc 
det’ernined  at  nore  frequent  intervals  covering  the  range  of  N.G,  content 
(60  -  100  per  cent.)  likely  to  be  of  interest.  Two  series  of  fixtures 
were  investig-ated,  one  containing  no  oarba.iitc  and  the  other  hc-ving  1  per 
cent,  of  earba.atc  present. 

Thi-se  results  are  given  in  To.ble  3  ^.nd  are  plotted  as  before  in  Fig,  3, 

/TilBLB  3. 
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It  can  be  scon  from  Pigs.  2  and  3  that,  if  the  specific  gravity  of  a 
mixtijre  is  known,  the  percentage  of  nitroglycerine  present  can  be  estimated, 
within  0*2  per  cent,  when  the  proportion  of  carbamite  present  is  unknown, 
but  between  0  and  2  per  cent.  T^e  curves  lie  closer  together  for  mixtures 
containing  a  higher  proportion  of  nitroglycerine  so  that  greatest  accuracy 
can  be  obtained  for  mixtures  most  likely  to  be  required. 

Simple  chemical  methods  are  established  for  the  quantitative 
dertermination  of  carbamite.  The  control  procedure  for  making  up  de¬ 
sensitised  nitroglycerine  on  a  production  scale  would  therefore  be,  first 
to  dissolve  the  carbamite  in  the  triacetin,  (considerable  stirring  is 
required  to  effect  complete  dissolution)  and  to  hold  this  mixture  in  a  largo 
stock  tank  and  check  the  composition  by  analysis,  ¥hen  cleared  for  use 
the  desensitiser  would  be  drawn  off  as  required,  and  mixed  in  measured 
proportions  \ath  nitroglycerine.  Stirring  by  a  hand-operated  wooden  paddle, 
or  by  air  agitation,  is  svifficient  for  this  stage,  itfter  mixing,  the  final 
cotiposition  of  each  batch  of  liqirLd  can  be  readily  checked,  on  the  site, 
by  hydrometer. 


4,  VISCOSITY. 

4*1,  licthod. 

The  viscosities  measured  fell  within  the  range  covered  by  a  No, 2, 
British  Standard  U-tubo  viscometer  which  was  calibrated  vdth  sucrose 
solution, 

A.  2, 
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4*2,  ResTjilts« 

4. 2*  1*  Viscosity  Toaipcratixrc  Goofficionts  of  Nitroglycerine 
and  Nitrofilycorino-Triacotin  tujcturGs» 

The  viscosities  of  pure  nitroglycerine  and  of  a  niixturo  of  approxiaaatoly 
equal  proportions  of  nitroglycerine  and  triacetin  were  Pleasured  over  the 
range  of  toTporaturo  likely  to  bo  practicable.  The  rosvilts  are  shown  below, 
together  with  the  calcula.ted  temperature  coefficient  of  viscosity,  and  aro 
represented  graphically  in  Pig.  4* 

[h3LE  4 

Fiirc  Nitro^jlyccrinc 


Temp>.rature  °G.  =  t 

15 

20 

25 

30 

35 

Viscosity,  centistokes  =  v 

30.95 

23,39 

17-37 

13,69 

10.78 

Temperature  Range  °0. 

15  -  20 

20  -  25 

25  -  30 

30  -  35 

dv/dt 

-1.51 

-1.20 

-0.73 

-0.58 

L^LE  5 

Nitrorlycorinc  50*03  per  cent  plus  Triacutin  49# 97  per  cent 


Terjperature  °G,  =  t 

15 

20 

25 

30 

35 

Viscosity,  centistokes  =V 

41.09 

29,58 

20.88 

16,01 

12.16 

Temperature  Range  *^0. 

15  -  20 

20  -  25 

25  -  30 

o 

1 

dv/dt 

-2,30 

-1.74 

-0. 97 

-0.77 

A.  22, 
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4. 2, 2,  Variations  in  Viscosity  of  Samples  of  Triaoetin. 

Tho  viscosities  of  saaiplos  j,i.  and  B  supplied  by  Messrs  Boako,  Roberts 
were  oieasurod  and  tho  following  figures  obtained; - 


2f,2,3«  Viscosity  of  Nitroplycorino  and  Trio.cctin  Mixed  in 
Various  Proportions, 

Nitroglycerine  was  mixed  with  various  proportions  of  triacetin  (i) 
sample  4  and  (ii)  saa'plo  B  and  tho  visoositios  Tiicasured  at  25  C.  Tho 
figures  obtained  a.ro  given  in  Table  6  below  and  Big*  5  shows  the  variation 
of  viscosity  with  tho  proportion  of  nitroglycerine  present. 


TxLi.jliEj  6 


Viscosity  of  Nitrorlycorino-Trio-cetin  Mixtijros 


j  Perconta.ge 
!  nitroglycerine 

0 

50.03 

60.10 

70.16 

80.04 

90.33 

( 

100 

1 

Poroontago  tri- 
aootin  sa:i5)lo  B 

100 

49.97 

39.90 

29.84 

19.96 

9.67 

0 

Viscosity  centistokos 
at  25°C. 

14.9 

20.8 

21.3 

20.1 

19.0 

18.0 

17.4 

A.  3. 
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Discussion  of  Resixlts^ 

The  viscosities  of  nitroglycerine  and  also  of  nitroglycerine-triacetin 
mixtures  have  large  tea5)erature  coefficients,  so  that  resistance  Jo  flow 
decreases  2*8  to  3*4  times  when  the  temperature  is  raised  from  15^0*  to  35^0. 

The  viscosities  of  triacetins  which  complies  ^vith  Specification  2D11 
may  vary  considerably  from  sample  to  sample* 

The  viscosities  of  mixtures  of  nitroglycerine  and  triace  tin  are  higher 
than  calculated  proportionally  from  the  viscosities  of  the  components,  due 
to  molecular  association*  lAaximum  viscosity  is  obtained  with  approximately 
equal  proportions  of  nitroglycerine  and  triacetin*  The  small  proportions 
of  carbamito  required  for  stabilisation  have  little  effect  on  the  viscosities 
of  the  mixtures*  Rato  of  flav  is  a  function  of  viscosity,  and  the  temperature 
coefficients  of  viscosity  arc  such  that  rate  of  flo^v  through  a  given  channel 
is  increased  three -fold  by  raising  the  temperature  from  15  o*  to  35°C.  For 
practical  mixtures  containing  more  than  50  per  cent*  nitroglycerine  the  higher 
the  proportion  of  nitroglycerine  the  lower  the  viscosity*  Slight  contamination 
of  the  liquids  investigated  leads  to  appreciable  deviations  in  viscosity,  so 
that  this  property  is  \insuitablc  for  control  tests* 


5*  SENSITIVENESS* 

5*1*  Methods  employed* 

Impact  tost  measurements  v/cre  carried  out  by  C.S*j.i.*R*,  Woolvdeh  end 
mcasuroriicnts  using  the  co-vity  impact  method  v/cre  made  by  C*S*,  E.R.D.E*, 
Waltham  jii.bboy*  ^..11  samples  had  been  previously  dried  by  prolonged 
ovacu.tion* 

5#  2*  Results* 

The  figures  obtained  for  insensitiveness,  by  C*S*ii.*R.  on  the  Rotter 
Irpact  Ifcchinc,  cere  given  in  Table  7* 

T.  ^LE  7 


Percontap:o  Composition 

Figure  of  Insensitiveness 

PI  =  100 

Nitroplycorinc 

Triacotin 

Carba:nitG 

100 

- 

- 

13 

99.0 

- 

1.0 

11 

90.0 

10.0 

- 

31 

89.2 

9.8 

1.0 

33 

80.1 

19.9 

- 

100 

79.3 

19.7 

1.0 

100 

60.3 

39.7 

- 

120 

59.7 

39.3 

1.0 

120 
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By  tho  30.33  raothod  the  follov'/ing  figures  are  obtained  as  standards 

Picric  acid  100 

D.E.G.N.  126  , 

G.E.  56 

Results  obtained  by  C.S.,  E.R.D.E,,  using  the  Bowden  Pall-Ha^uor  Go.vity-Ispact 
iiachine  are  given  in  Table  8, 

Tx'^LE  8 


Percentapre  Co:iTposition 

Maxiaiira  energy  at 
which  no  explosions 
occurred 

Ivlinimun  energy 
at  which  10Q% 
explosions  occurred 

Nitroglycerine 

Triace  tin 

Gojrbamito 

100 

- 

- 

125  ergs. 

500  ergs. 

99.0 

- 

1.0 

125  " 

500  '• 

90.3 

9.7 

- 

175  " 

2, 250  " 

88,8 

10.2 

1.0 

1, 000  " 

•3,000  •' 

80.0 

20.0 

- 

>  4,000  " 

? 

78.5 

20.5 

1.0 

>  4,000  " 

9 

5.3*  Discussion  of  Results. 

Mixtures  containing  up  to  80  per  cent,  nitroglycerine  nay  bo  handled  "with 
about  tho  sane  degree  of  safety  as  D.E.G.N.  or  picric  acid  and  :.iay  therefore 
be  used  on  a  production  sca,le  v/ith  no  nore  risk  than  arises  in  the  handling  of 

D.E.G.N. 


6.  dJiORIMETRIG  V..JLUB. 

6, 1,  Methods. 

All  ^Tcasurenents  were  carried  out  by  G.S.A.R, ,  Vcolvdch, 

The  calorinetric  values  of  mixtures  of  nitroglycerine,  triacetin  and 
carbamite  have  not  been  determined  directly  because  these  mixtures  cannot 
be  ignited  satisfactorily  in  the  calorimetric  bomb.  i<.lso,  a  residue 
is  left  in  the  borit)  \vhen  cordite  is  burnt  in  contact  v/ith  liquid  triacetin. 

It  v/as  found  that  satisfactory  determinations  could  be  made  v/ith  gels 
produced  by  mixing  nitrocellulose  (12.  ^N)  vvith  the  desensitised  mixture 
under  exa..iination,  and  the  following  procedijre  was  therefore  adopted, 

/Ni  tr  oce  lliilos  e 
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Nitrocelliilose  (l2*^<*  N)  yra.s  -weighed  into  a  specimen  tube  2  inches  long 
and  3/4  inch  diameter  and  dried  to  constant  -weight.  The  liquid  was  added  in 
vacuo,  so  that  a  fairly  homogeneous  gel  -was  obtained,  and  the  weight  of  added 
liqtiid  -was  determined.  The  tube  containing  the  gel  -was  loaded  directly  into 
the  bomb;  thp  water  eqiii valent  of  the  glass  container  was  allo-vvod  for  in  the 
calculation. 

6.2.  Restilts. 


TABLE  9 


Porcontago  Ccxnposition 

Cals/ 

gram 

W.L. 

Intrinsic  cooling 
Figure  for  triacotin 
Cals./l!?>  added 

Nitroglycerine 

Nitrocellulose 
12.  2^  N 

Triacotin 

Carbatnite 

75.17 

24.83 

- 

“ 

1554 

73.62 

25.64 

- 

0.74 

1507 

66.33 

25.31 

7.61 

0.75 

1295 

10.0 

58.02 

26.06 

15.18 

0.74 

1080 

10.1 

52.22 

24.30 

22.72  -- 

0.76 

869 

10.8 

44.62 

25.19 

29.46 

0.73 

737 

8.6 

6.3»  Discussion  of  Results. 

The  intrinsic  cooling  figure  for  triacotin  obtained  by  this  method  does 
not  agree  with  the  figure  1^84  quoted  in  U.S.  reports.  The  result  of  the 
last  determination  (737  cals./gm. )  would  be  vitiated  by  methane  formation  etc. 
and  should  be  ignored.  kOi  average  figure  of  10.3  calories  cooling  for  one 
■  per  cent,  of  triacotin  may  be  taken. 


7.  ESRRACTIVE  DOEX. 

It  v/as  decided  that,  since  the  chemical  coi5)ositiQns  of  the  ingredients 
used  in  the  mixtures  may  vary  slightly  refractive  index  measurement  would 
have  no  useful  application. 
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